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INTRODUCTION 


Today we are faced with an ever increasing number of devices 
that are capable of communicating with each other. The broad 
subject of Data Communications, once limited to computer 
systems and terminals, has grown to include oscilloscopes, 
voltmeters, counters, and other measurement devices. 
Although this booklet emphasizes computer/terminal com- 
munications the concepts are equally valid for the new 
generation of communicating devices. 


Experienced or not, the whole subject can presenta confusing 
and even complex picture. Often the lack of consistent 
definitions has caused each industry group to use different and 
sometimes conflicting terms. | 


This booklet and the Data Communications Video Tape Series 
were designed to provide the concepts and commonly used 
terms which can be used either as an overview or a general 
introduction to specialized areas of the subject. It provides the 
basic foundation necessary to utilize the numerous books and 
manuals which are available. Although the booklet and video 
tapes were intended to be used as a package, either can be 
used independently. 
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BASIC DATA COMMUNICATIONS 


PART I—ENCODING DATA 
1. BINARY NUMBERS—THE BIT 


The bit or binary digit is the basic unit of the binary number system. It has two possible values, 
either 1 or O. Since the bit is also the basic element of digital electronic circuits, we use it 
interchangeably to describe binary values represented by either hardware or software. This 
manual uses positive logic concepts so a bit value of 1 is also referred to as ahigh (meaning the 
highest of the two possible logic voltages), as true, being set, or it can be shown as a simple 
switch, closed to some value of logic voltage. A bit value of O is also referred to as a low 
(meaning the lowest of the possible logic voltages), false, being reset, or it can be shown as a 
simple switch in the open position. | 


1 = "high"; "true"; "set" 
0 — "low"; "false"; "reset" 


Like the decimal system, the binary system requires additional digits to express numbers 
larger than the base number. 


In the decimal system, 9 is the largest value that can be expressed in a single digit position. By 
adding digits and assigning each new position a value based on the next higher power of the 
base number (10), we can increase the value that can be represented. 


For example: A four digit decimal number can be used to represent any value from 0 to 9999. 


9x 10° 9 
9 x 10! OR 90 
9 x 10? 900 
9 x 10° +9000 

9999 


The same applies to binary numbers. A four place binary number can be used to represent any 
binary value from O to 1111 (or correctly written 11112). 


1x2? 1 Decimal 1 
1x2! OR 10-- = Decimal 2 
1x2 100 Decimal 4 
1x2 +1000 Decimal 8. 

1111: 15 


How many binary places are needed to represent 9999 (999910)? Although binary is the native 
language of our machines, it leaves much to be desired for human use. Try memorizing the 
following number: 111110111-10001111110-110101010011. Just in case it doesn’t look 
familiar, it’s Tektronix Wilsonville’s phone number, 503-638-3411. 


For convenience, a variety of systems have evolved to code alphanumeric information into 
binary form and to simplify thé use of binary machines by non-binary people. Here are several 
examples of systems that we frequently encounter. 
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2. BINARY CODED DECIMAL (BCD) 


If we code the decimal number 635 in binary it becomes 1001111011. This is the most efficient 
form for a machine that thinks in binary. Try the exercise of converting it back to decimal. 


The number 635 in decimal can also be expressed as 0110 0011 0101 or Binary Coded 
Decimal (BCD), as itis called. Each group of ones and zeros is expressed in binary but grouped 
as if it were a decimal digit. Each group of binary values represents one decimal digit. 


0110 0011 0101 (BCD) 
6 3 5 (Decimal) 


Binary Coded Decimal is somewhat less efficient than binary since we use only 10 (O thru 9) of 
the 16 (0 thru 15) possible decimal values that can be expressed in four binary positions. It 
requires 12 binary positions to express ourexample number in BCD, while binary requires only 
10. BCD is useful in that it can easily be converted back to decimal. 


3. OCTAL 


Our example number, 635 decimal, can be expressed as 1173 Octal (1173s) or base 8. Octal is 
almost as easy to remember as decimal and yet readily converts to binary since it is a power of 
2. 


1 1 7 3 (Octal) 
001 001 111 011 (Binary) 


4. HEXADECIMAL 


A number system to the base 16 would have several advantages except that our numeric 
system provides only 10 unique symbols (0-9) and base 16 would require 16, one unique 
symbol for each possible combination of four binary bits. The numbers 0-9 and letters A-F can 
be used to create the necessary 16 single character values. So called Hexadecimal, is a 
numeric system using 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F, to represent the 16 binary values from 
0000 to 1111. 


1111 0100 1101 0010 (Binary) 
F 4 D 2 (Hexadecimal) 


5. ASCII 


Many codes have been developed to add representations for all the alpha characters as well as 
numbers and to provide control characters for special equipment functions. The original 
Baudot code provided the first communications code and used 5 bit combinations to create an 
upper case alphanumeric set. Although the Baudot code is still used in Some areas, many other 
codes have been developed for different applications. Perhaps the most significant code today 
is The American Standard Code for Information Interchange or just ASCII* (pronounced Ask- 
Key) for short. It amounts to an almost universal standard and although not the first choice of 
some large computer manufacturers itis almost always available. It is particularly significant to 
us since most of our terminal products are ASCII based devices. 


*ISO (International Organization for Standardization) code standards parallel ASCII with minor variation in printing 
characters to accommodate language differences. It serves as an international standard. 
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ASCII is a 7 bit code which includes the full set of Alpha characters, special symbols, numbers 
and unique (non-printing) control characters for use by the computer and terminal. A chart of 
the full ASCII code appears on the following page. 


Our example number, 635 decimal, represented in ASCII would be 0110110 0110011 0110101. 
See the similarity to one of our earlier examples? Look atthe four right hand bits in each ASCII 
character. They are BCD for 635. 


B. DEFINITIONS 
1. CHARACTERS 


When bits are combined into groups, as in the previous example, we call each group a 
character. The number of bits in a character is determined by the code. For example: IBM 
Correspondence Code has 5 bits; Control Data Corporation BCD has 6 bits; ASCII has 7 bits; 
and IBM EBCDIC has 8 bits. 


2. WORDS 


Bits are often combined into words. Word, in this case, is the number of bits a machine 
processes in one operation. Word size is an indicator of the power of the machine and varies 
from machine to machine. The smallest mini-computers operate with an 8 bit word while some 
large mainframes have 60 bit words. Remember, word is system dependent. 


3. BYTES 


Groups of bits are also called bytes and, generally speaking, a word will consist of several 
bytes. Byte is also system dependent and has no standard definition. In most cases a byte will 
be the number of bits that can be input or output from the system in one operation. For 
example: A large mainframe with 60 bit words communicates with its terminals in 6 bit bytes. In 
this instance, a byte is 6 bits and there are 10 bytes to a word. 


4. AVOIDING CONFUSION 


The lack of standard definitions for word and byte often leads to confusion when different 
segments of the computer industry try to communicate. If two CDC programmers are talking, 
they understand that a byte equals 6 bits and a word equals 10 bytes or 60 bits because both 
think in terms of CDC equipment. Likewise if two IBM programmers are talking, they 
understand that a byte equals 8 bits and a word equals 4 bytes or 32 bits. The confusion arises 
when the CDC programmer attempts to talk to the IBM programmer. To eliminate the 
possibility of being misunderstood, it is a good idea to say "we require four-eight bit bytes" or 
"we use a 24 bit word". Remember, bit is the only definition that you can depend on. 
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ASCII CODE FUNCTIONS 


_ {ск 
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LINE 
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C. PARITY 


Since our products are ASCII devices we tend to think in terms of 7 bit characters, but ASCII 
code actually makes provision for 8 bits. The 8th or parity bit may be added to each character if 
desired. The parity bit functions as a check bit to identify data transmissions errors. Parity is 
specified as either odd or even, depending on the system. The number of ones in the character 
when added to the parity bit will bean even number in an even parity system (or an odd number 
in an odd parity system). For example, in an even parity ASCII system, the character 1010100 
(which contains an odd number of ones) would require the 8th parity bit by a set 1 to makethe 
total even. The new 8 bitcharacter would be 11010100. The character 0010111 (which contains 
an even number of ones) would require the 8th parity bit beOto makethetotal even. The new 8 
bit character would be 00010111. The parity check circuit counts the number of ones in the 
received character, and determines if the total is even. If the total is odd, a parity error is 
indicated. 


The 8th bit in ASCII is reserved for parity use, but many systems neither generate nor check 
parity. If parity is not used, the 8th bit may be set either high (1) or low (0) depending on the 
System. 


This is the end of Part 1. If you wantto test yourself, just referto the Part 1 Self Test on Page 9. 
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QUIZ 
BASIC DATA COMMUNICATIONS 
PART I 
ENCODING DATA 


. Data processing machines employ the binary number system because: 


a. Binary numbers are shorter and easier to store. 

b. Binary is the industry standard. 

c. They are limited to sensing whether a voltage is on or off. 
d. Binary is easier for humans to deal with. 


. "Binary" is another term for: 


a. Base 2. 
b. Base 5. 
c. Base 16. 
d. ASCII. 


. In Decimal, or Base 10 numbering, each place (units, tens, hundreds, etc.) is how many 


times bigger than the place to its right? 
a. It’s not defined. 

b. The coefficient is arbitrary. 

c. 10 times. 

d. 1/10. 


. In any arbitrary base number system, the value of a particular place can be determined by 


multiplying the value of the place to the right by: 
a. 10. 

b. 2. 

с. It can't be done. 

d. The base of the number system. 


. In base 2, the positions are designated units, twos, fours, eights, etc. What is the value of 


the position to the /eft of 2048s? 
a. 2049s. 
b. 2047s. 
c. 4096s. 
d. 1024s. 


. "BIT" is a common acronym for: 


a. Blnary digiT. 

b. Blpolar Transistor. 

c. Bllabial Transitive. 

d. Binary Integer Transportation. 


. O and 1, on and off, high and low, true and false are all examples of: 


a. Bytes. 

b. Bits of information. 
c. Word size. 

d. Parity. 
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10. 


11. 


12. 


13. 


14. 


A small group of bits arranged in a meaningful sequence can be called by several terms. 
The most general terminology is: 

a. Character. 

b. Bitlet. 

C. Ordering. 

d. Bit sequence. 


A "Word is also a meaningful group of bits, but it has a more restricted meaning than the 

term in question 8. Generally, "Word" refers to the number of bits a machine 
(does what to) in a single operation. 

a. Erases. 

b. Processes. 

c. Inputs or outputs. 

d. Glitches. 


Word is a "boobytrapped" term because: 

a. It depends on the code used. 

b. Not all machines use words. 

c. Words are different in different programming languages. 

d. The number of bits in a word can vary from machine to machine. 


"Bytes" too are meaningful groups of bits, but like "Word", "Byte" has a restrictive 
meaning. Generally, "Byte" refers to the number of bits a machine or system 

(does what to) in a single operation. 

a. Processes. 

b. Executes. 

c. Throughputs. 

d. Inputs or outputs. 


Like "Word," "Byte" is a "boobytrapped" term. To avoid confusion always: 
a. Use "Word" instead. 

b. Use "Character" which always means 7 bits. 

c. Refer back to bits when speaking of Words and Bytes. 

d. Use diagrams to make your meaning clear. 


In BCD, or Binary Coded Decimal notation each place in a decimal number is represented 
by: 

a. Four binary bits. 

b. A unique single character. 

с. Ten binary bits. 

d. A single bit. 


In BCD, 0101 0011 1000 is a representation of: 
a. 635. 
b. 835. 
с. 538. 
а. 567. 
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15. 


16. 


17. 


18. 


19. 
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The advantage of Octal notation over BCD is that it lets us: 

a. Avoid using binary. 

b. Use an easy to remember short sequence of numbers that converts readily to a longer 
binary number. 

c. Program by eights. 

d. Convert easily to decimal. 


Once we convert the decimal number 921 to its octal form—1631,itiseasy to convertto the 
binary form: 

а. 111 111 111 011 001 

b. 1001 0010 0001 

c. 001 001 111 O11 

d. 001 110 011 001 


Hexadecimal notation helps us by: 

a. Letting us memorize a short alphanumeric sequence that can be easily converted to a 
long binary sequence. 

b. Letting us replace any binary sequence within sixteen easy to remember bits. 

C. Letting us convert to octal by dividing by two. 

d. b. and c. above. 


Remember that in Hexadecimal, O stands for 0000 and F stands for 1111. What binary 
sequence does the Hexadecimal sequence FACE2 stand for? 

a. 11111010110011100010 | 

b. 00000000000111111111 

c. 01000111001101011111 

d. 1010101010101010001 1 


ASCII is a coding system that lets us use seven binary bits to represent: 
a. Longer combinations of binary bits. 

b. Control characters for terminal keyboards. 

c. Complex curves in two dimensions. 

d. Letters of the alphabet, display control characters and numerals. 


Use the ASCII chart on page / for questions 20 thru 25. 


20. 


21. 


The ASCII representation of "6" is: 
a. 0110110 
b. 0111001 
C. 1011110 
d. 0111111 


In ASCII, "&" "6" "F" "f" "V" and "v" all share what characteristics? 
a. None. 

b. Bits 1 through 4 are the same in each. 

c. They are mirror images of each other. 

d. Each starts with a 1 and ends with a O. 
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22. 


23. 


24. 


25. 


The ASCII backspace command is: 
1110111 

0001000 

1000010-1010011 

0100000 


соса 


When parity is used with ASCII coding, the parity bit is: 


a. Bit 1. 
b. Bit 7. 
c. Bit 8. 
d. Bit 9. 


Given even parity, the ASCII code for a + (plus sign) Is: 


00101011 
01010110 
10101011 
01010111 


соор 


Given odd parity, the ASCII code for a — plus sign) is: 
00101011 
01010110 
10101011 
01010111 


оос» 
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QUIZ ANSWER SHEET 
BASIC DATA COMMUNICATION 
PART | 
HUMAN-MACHINE INTERACTION 


1.c 9.b 17. а 
2. а 10. а 18. а 
926 11. d 19. d 
4. d 12. с 20. а 
5. С 13. а 21. b 
6.a 14. c 22. b 
T.b 15. b 23. с 
8.a 16. d 24.a 

25. с 


When you have completed the Quiz for part | proceed to part Il ofthe booklet and tape number 
2 of the Data Communications Series. 


13 








Basic Data Communications 


14 


BASIC DATA COMMUNICATIONS 


PART II—TRANSMITTING DATA 
A. DATA FORMATS 
1. PARALLEL 


The information or data we have encoded must be transferred within the equipment itself as 
well as being transmitted to other devices. To accomplish the transfer of information, the data 
can be presented several different ways. Our data source is represented as a box containing 7 
switches or just a box with 7 output lines. We can set the switches to represent an ASCII 
character or any other value that can be represented by 7 bits. 





Each data line and the bit it represents have two possible conditions, either a one orazero. This 
is called full parallel, since all data bits are presented parallel to each other on separate data 
lines. If the data is to be transmitted any distance, the requirement for separate data lines 
becomes a major limitation. 


2. SERIAL 


In the next example a 7 bit data source is again used, but time has become an additional factor. 
The clock circuit creates a unique time period for each data line to present its data. 
Conceptually the output line is connected momentarily to each data line. It picks up each data 
bit, places it on the output line, and moves on to the next data line in sequence. 


During time period A, data in bit 1 is placed on the output line followed by data in bit 2 during 
time period B. The process continues until seven time periods have passed and all seven bits of 
information have been sent down the common data line. At this point the information available 
in our data source can be changed. The process begins again with the first information bit from 
the next character being presented during time Period H. The process is called parallel to serial 
conversion and the data output is in serial form. Data in serial form is ideal for transmission 
since only one transmission circuit is required. 
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DATA SOURCE 





TIME PERIODS 





PARALLEL TO SERIAL. 


CONVERTER G Г Е D C В А 


ОЕ ed sen een D ie 
SERIAL DATA OUTPUT LINE 






3. PARALLEL BY BIT-SERIAL BY CHARACTER 


A combination of serial and parallel is often used to transfer a character (7 bits of information) 
atatime with the next character appearing on the same data line in serial fashion. During each 
successive time period, one bit is output simultaneously on each ofthe seven data lines. Seven 
bits (one ASCII character) of new data is available each time period. This is called parallel by 
bit, serial by character and is extensively used for data transfer inside computer/terminal 
equipment and to interconnect nearby peripherals. 


DATA SOURCE 


CLOCK 





Time Period D ІР a 40 wo dO. e tan 4th character 
Time Period C | | | | | | | 3rd character 
Time Period B | | | | | | | 2nd character 
Time Period A | | | | | | | 1st character 


"Parallel by bit, serial by character" 


4. SERIAL TO PARALLEL CONVERSION 


In our earlier discussion of serial data we referred to unique time periods generated by the 
clock circuit. Time period B and the data bit associated with it occur only once. 


Unlike our switch, which was set to encode either a one or zero and remained until we changed 
its setting, our data in time period B travels down the data line as a pulse of electrical current. 
To be utilized it must be captured and stored in a register or converted back to parallel 
information. A serial to parallel converter captures serial data and reassembles it into parallel. 
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TIME PERIODS 
G F E D C B A SERIAL TO PARALLEL 
CONVERTER 
- 0 — 1 — 0 — 1 — 0 — 1 — 0 —— 


SERIAL DATA INPUT LINE 


DATA SINK 


At the end of seven time periods (time period G) seven bits of data are available at the output of 
the converter in parallel form. The data is then transferred to its ultimate destination, clearing 
the converter to receive the next seven bits of serial information. The clock used for 
transmission and receipt of the data can be the same clock, if itis located within the same piece 
of equipment or separate clocks which are synchronized with each other. 


B. DATA TRANSMISSION CONCEPTS 


1. SYNCHRONIZATION 


Since we are primarily concerned with data transmitted over relatively long distances, we are 
most interested in synchronizing two separate clocks to transmit and receive data. 


In addition to synchronizing the clocks, the receiving device must be able to determine when to 
start counting. A unique marker character or bit is required to indicate the beginning of a 
character or group of characters. 


The two methods of data transmission with which we are most concerned are serial 
asynchronous and serial synchronous. As the names imply, both involve transmission of serial 
data but differ in the methods used to synchronize transmitting and receiving devices. 


2. SYNCHRONOUS PROTOCOL 


Synchronous systems use different control codes and vary somewhat in actual operation, but 
remain similar in concept. The following example illustrates one form of syncronous protocol 
using ASCII code. 


Our example of synchronous transmissions begin with series of ASCII SYN characters which 
provide the receiving device with the required point to start counting. The timing information 
required to synchronize the receiving clock is derived from the data stream itself. The actual 
data is preceded by the ASCII SOH/STX (Start of Heading/Start of Text) character or 
characters and ended with the ASCII EOT/ETX (End of Transmission/End of Text) characters 
and additional SYN characters. 
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SEHIAL SYNCHRONOUS 


. DATA CHARACTERS 


Y SYNC|SYNC|SYNC |SYNC |SYNC 
srx | cH|cH| cH| cH !eH | cH |eH [cH |eH | cH | eH | cH |cH | cH | cH |cH | cH |cH| cH | ETX 















3. ASYNCHRONOUS PROTOCOL 


Serial asynchronous or async, as it is commonly called, is often referred to as a start-stop or 
TTY style. Itis asynchronous only to the extent that the characters are transmitted at a random 
or asynchronous rate. The data bits within each character are synchronized with respect to 
each other, but not with respect to other characters. 


Each character is preceded by a start bit and ended with stop bits (usually 2) which provide the 
required points for the receiving device to start and stop counting. The eight bit (including 
parity) ASCII characters become eleven bit characters for transmission since each include its 
own start and stop bits. 


SERIAL ASYNCHRONOUS 


DATA CHARACTER 





START BITS STOP BITS 


Note that the characters are asynchronous with respect to each other and each includes the 
start and stop bits. 


Asynchronous is considered less efficient due to the additional non data bits that must be 
transmitted. Since it is most often used with terminals not involved in transmitting large 
volumes of data, efficiency is not a major consideration. Low speed asynchronous data 
transmission equipment provides the lowest cost operation and is therefore quite popular. 


4. BAUD/BITS PER SECOND/DATA RATE 


Once our data is suitably encoded and some method of synchronization provided all that 
remains is to select an appropriate communications line. We use the term Baud or Bits per 
Second to indicate the speed or amountof data transmitted. In the strictest technical sense the 
term baud is notcorrectin all cases, but the terms are almost universally used interchangeably. 
Bits Per Second (BPS) is the perferred term although Baud is more commonly used. 
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5. LINE LENGTH VS. DATA RATE 


The digital information we desire to transmit and receive presents some unique problems for 
the transmission system. Digital pulses are extremely fast and relatively sensitive to 
interference from outside sources, such as the building power system and other electrical 
devices. The communications line we chose must be shielded from outside signals and present 
a very clean electrical path for the data. As speed and/or length of line increase, so does the 
quality of the line required. A line could be satisfactory at 1200 baud over 100 feet and yet not 
work at 9600 baud. Likewise, in some cases, the same line could be used at 200 feet if 300 baud 
were the highest data rate to be transmitted. It is impossible to make general statements about 
what will and won't work, so caution is recommended when you discuss high data rates and/or 
long lines. 


Direct connection to the computer, if it is within 50 feet of the terminal, is accomplished by 
utilizing high quality cable such as is provided with TEKTRONIX RS-232C and TTY Port 
interfaces. The interfaces are guaranteed to meet all specifications up to 50 feet, but are 
sometimes used at considerably greater distances. In some cases the performance is 
satisfactory while in other cases it doesn’t work so well. It all depends on the data rate, cable 
length, proximity of other equipment and how many data errors you are willing to live with. You 
may want to try it, but keep in mind that satisfactory operation cannot be guaranteed at 
distances greater than 50 feet. 


C. DATA TRANSMISSION SYSTEMS—HARDWIRED 


1. LINE DRIVERS AND SHORT HAUL MODEMS 


The distance and/or data rate can be increased through the use of line drivers which boost the 
signal transmitted and received. Suitable units are available from various manufactures or from 
TEKTRONIX. Cable cost becomes quite signficant with $1.00 to $1.50 per foot being typical. 
Short haul or limited distance modems can also be used at distances up to several miles and 
have an additional advantage in that they operate satisfactorily with low cost twisted pair 
cables. 


2. CURRENT LOOP 


A special type of interface, ideal in many applications, is a current loop (either 20 or 60 ma.) 
interface. Many mini-computers manufacturers offer it as an option and we can provide a 
compatible interface as a modified product. It is, by design, fast and highly immune to 
interference from outside signals. It can be used with lower cost cable and is often the most 
economical for moderate distances. It is capable of driving 500 feet at 4800 baud. 


D. DATA TRANSMISSION SYSTEMS—PHONE LINE 


1. MODEM CONCEPTS 


In many applications the computer to terminal distance is in miles rather than feet and direct 
connection is out of the question. For those applications we use the existing phone system 
since it is the only economical communications link available. Since the phone system does 
not present a suitable transmission path for digial information we must convert our digital 
information into audio or electrical signals compatible with the phone system. 
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We use a device called a Modulator/Demodulator, or modem, to interface to the phone system 
and convert the digital data to audio signals suitable for phone transmission. Since our digital 
data represents only two possiblities, either "ones" or "zeros," we use two audio frequencies 
(in some cases four, but more about that later). When you dial up a timesharing computer 
system the tone you hear is the carrier provided by the modematthe computer end. The digital 
information from the terminal becomes either a "boop" (low frequency tone or zero) or a 
"beep" (high frequency tone or one) at the modem and is transmitted through the phone 
system to the receiving modem. The receiving modem converts the boops and beeps back to 
zeros and ones and inputs them to the computer. 


1's & O'S 1's & O'S 
TERMINAL MODEM MODEM COMPUTER 


Modems are connected to the phone system by a device called a Data Access Arrangement or 
DAA which provides a direct electrical connection to the phone system thru a suitable isolation 
circuit. The DAA may be leased from the phone company or purchased from the other 
suppliers. Modems leased from the Bell System are called Datasets and usually include the 
DAA as well as the telephone dial and handset. One of the most common (and cheapest) types 
of modem is the acoustic coupler. The Omnitec and Anderson-Jacobson units in common use 
are typical examples. The acoustic coupler, in concept, operates the same as other modems, 
except that there is no direct electrical connection to the phone system. They generate 
audible tones which are coupled acoustically to the phone in the same manner as your voice. 
Since there is no electrical connection to the phone, the DAA is not required and they can be 
used with any standard phone. 


2. PHONE LINES 


Data transmission over phone lines is limited by the modems used and the phone system itself. 
The phone company offers several types and grades of lines. The major types are referred to as 
either two-wire or four-wire lines. Two-wire lines are used in conventional dial-up phone 
systems which provide one signal path. Remember that in the electrical sense every complete 
circuit requires two-wires. Both the phone system and low speed modems use special 
techniques to allows the transmission or data or voice simultaneously in both directions. This 
provides the equivalent of two signal paths on a single circuit for low speed (1200 baud and 
under) operation. If acustomer leases a special line he can specify a four-wire line. A four-wire 
lines, as the name implies, has two complete signal paths which allow higher speed operation 
without special techniques. 


The phone company also offers various grades or quality of lines which are leased for data 
transmission. So called conditioned lines are electrically cleaner and allow higher data 
transmission rates. Naturally the costs increase as the quality of the line goes up. 
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Although the majority of the systems that we are concerned with still utilize conventional dial- 
up lines, many customers are beginning to find high speed systems cost effective. The higher 
cost of dedicated lines and high speed modems is often offset by the higher efficiency of the 
data terminal operation and improved operator interaction with the computer. This is 
especially true of graphic terminals used in applications requiring high density graphics and 
/or high operator interactivity. 


3. BASIC FULL DUPLEX OPERATION 


The conventional phone system operates as a full duplex transmission system since both 
parties can talk at the same time. The most common and least expensive low speed modems 
also operate full duplex, which allows the operator to interrupt while the computer is 
outputting data. The modems use four different frequencies rather than two as we discussed 
previously. Each modem of the pair has different transmit and receive frequencies. Each listens 
for only the frequencies of the other unit. This results in four tones on the common phone line 
carrying two streams of data in opposite directions. The computer and terminal each function 
as if they had a separate line for transmitted and received data. 


This technique for obtaining full duplex operation from a single circuit (two-wire) can be 


thought of as a method of sharing the total capability’ of the single circuit equally between two 
separate data paths. Each data path has one half of the line capability all of the time. 


FULL DUPLEX 


M 
O 
D 
E 
M 


TERMINAL a И COMPUTER 


Both directions at a time. 


In low speed systems, the operation of the modems is transparent to the computer and terminal 
and they function as if they were hardwired together in full duplex fashion. 


Low cost modems and acoustic couplers usually operate full duplex and are used at data rates 
under 1200 baud. Most timesharing computers support full duplex operation. Current "state of 
the art" modems which operate 1200 Baud full duplex are discussed on Page 36. 


Цп this case capability refers to the bandwidth or information carrying capacity of a single circuit phone line. 
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4. BASIC HALF DUPLEX OPERATION 


The data rate limitations of the phone system can be minimized by using the full capability of 
the phone line and transmitting in only one direction at a time. Half duplex operation, as it is 
called, provides communication in only one direction at a time and must include some 
provision for turning the line around to provide two way communications. It is analogous to 
two way radio communications where the transmitting station ends each of its transmissions 
with "over," indicating that the channel is now free for the called station to reply. In a half 
duplex data transimission systems the modems utilize only two frequencies and are switched 
between the transmit or receive mode to effect the actual line turn around. When the modem at 
the terminal end is in the transmit mode, the modem at the computer end isin the receive mode 
and communications is one way from terminal to computer. When the modems are switched, 
communications will be one way from computer to terminal. Half duplex allows timesharing 
the full capability of the single available line. Each data path has full capability available, but 
only part time. The terminal interface and the modem used for half duplex operation must 
include special control logic to switch the line that is not required in full duplex equipment. 


HALF DUPLEX 


TERMINAL y i COMPUTER 


One direction at a time. 





Half duplex modems are generally more expensive, capable of higher data rates, and used at 
1200 baud or higher. A detailed discussion of half duplex and half duplex supervisor begins on 
Page 35. "State of the Art" modems which operate 1200 baud full duplex are discussed on Page 


_ 36. 
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5. EIA RS-232C 


The interface requirements and control logic required to interconnect modems to terminals 
and computers is covered by an Electronic Industries Association specification known as EIA- 
RS-232C. A detailed discussion of RS-232C begins on Page 29. 
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6. LOCAL ECHO/ECHO PLEX 


Most terminals and modems include a provision for Local Echo or Local Copy which 
determines if data being transmitted will also be displayed on theterminal screen. At one time, 
full duplex communicaitons implied that data transmitted by the terminal would be echoed 
back from the computer. If you typed an "A" on the terminal keyboard, it traveled to the 
computer and was echoed back to appear on the terminal display. If a transmission error 
occured on the way to the computer, it served as a method of data verification since the 
incorrect character was echoed back to the terminal. In theory it worked, butin practice, half of 
the transmission errors occurred on the way back from the computer. This left the operator 
trying to correctan error that never happened as far as the computer was concerned. Technical 
problems were also encountered if long distances were involved between computer and 
terminal. 


DISPLAY FULL DUPLEX 









| | — ECHO TO TERMINAL SCREEN 





Е , COMPUTER 


Since the technique was of limited value and impossible to implement on some systems, many 
systems discontinued the policy or never started it to begin with. This requires that either the 
terminal or modem be able to echo the data if required. 


DATA 








Modem Local Copy/Echo 
Computer Echo 


Terminal Local Copy 


Half duplex communication, by nature, has no provision for computer echoed data so Local 
Copy or Local Echo is required. This has led some people to conclude that half duplex is 
synonymous with Local Echo. Today we find many data couplers or modems with a switch 
marked Full Duplex/Half Duplex. Don't you believe it. In most cases the Half Duplex position 
provides Local Echo and that's all. When the customer says "we operate 300 baud half duplex" 
it means his coupler is in the half duplex (Local Echo) position. If he is operating at 300 baud 
the odds are he is operating full duplex. Some time-share systems follow the same 
terminology, which is also known as echo-plexing. 


DISPLAY Local Copy/Echo 





COMPUTER 





Half duplex operation requires local echo (Terminal or Modem) 
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The Local Echo/Copy situation can get rather interesting when you dial into a strange 
computer system. You may see nothing on the screen or as many as three characters for each 
character sent, depending on the status of all the possible echo sources. Since one echo is 
sufficient, you can turn Local Echo/Copy on or off either on the terminal, modem or both if 
necessary to end up with a single character displayed for each character sent. 


7. BREAK 


Most terminals and modems have provision for a special key called the break key. The break 
key does not transmit an ASCII character but rather causes the modem to generate a unique 
line condition. The computer can be equipped to recognize the condition as an interrupt which 
causes it to stop whatever it is doing and listen for input from the terminal. Keep in mind that 
the function of the break key on the terminal is system dependent and what happens, if 
anything, varies from system to system. Many systems do not respond to the break signal while 
some others require certain ASCII control characters instead. 


8. TYPE AHEAD 


Some computer systems provide a capability called "type ahead” which allows the operator to 
input commands while the computer is outputting or otherwise busy and not expecting input. 
The computer front end must monitor it's received data line and store any inputs that might be 
received until the computer checks for input from the terminal. Any input found will then be 
executed. Computer programmers find type ahead convenient since it allows them to maintain 
a continuous dialog with the computer even though in some cases the computer is slightly 
behind. 


Unfortunately, the terms half duplex and full duplex are sometimes used to describe the 
presence or absence of type ahead capability. Full duplex meaning type ahead and half duplex 
meaning lack of type ahead. Although a logical case can be made for the use of the terms, it can 
be confusing unless it is clearly understood that the computer system front end and the data 
communications link are separate systems. Naturally, the data communications link must be 
full duplex for type ahead to work, however, this does not imply that a half duplex computer 
front end (without type ahead) requires a half duplex communications link. 


= This is the end of Part 2. If you want to test yourself, just refer to the Part 2 Self Test on Page 24. 
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QUIZ 
DATA COMMUNICATIONS BASICS 
PART II 
TRANSMITTING DATA 


In Parallel Data Communication: 

a. Each bit position has its own data transmission line. 

b. All the bits in a character are carried sequentially on a single line. 
c. Each byte in a bit is sequential, but the bits form parallel words. 

d. Each character appears in parallel with the preceding character. 


In Serial Data Communicaton: 

a. There is only a single data transmission line. 

b. Each bit in a character has its own transmission line. 

C. Bits are served for breakfast with milk and sugar. 

d. Each character is transmitted in sequence with all bits in parallel. 


. Usually, inside computer/terminal equipment, data is transmitted: 


a. In parallel format. 

b. In serial format. 

С. Over HS-232C busses. 

d. Starting with the least significant bit. 


In serial asynchronous data communication: 

a. Each character is bracketed by start and stop bits. 

b. Bits within a character may not be synchronized with each other. 
c. Clock pulses are fed over a separate transmission line. 

d. Special characters are used to bracket a group of characters. 


In serial synchronous data transmission: 

a. It is necessary to have start and stop bits. 

b. Special characters are used to bracket a group of characters. 
c. All characters in a message are asynchronous with each other. 
d. Only the bits within a character are in sync with each other. 


. The term, "baud," refers to: 


a. The relative size of bytes. 

b. Rate of data transmission. 

C. Pulse duty cycle of the data transmission. 

d. Line loss factor of the data communication channel. 


. As the terms are commonly used, "30 characters per second," is the same as: 


a. 30 Baud. 

b. 300 Baud. 
c. 3000 Baud. 
d. 330 Baud. 


. etrictly speaking, the answer to question 7 isn't precise because: 


a. Data transmission always involves statistical uncertainty. 
b. There may be more or less than ten bits per character. 
c. Synchronous ASCII with even parity uses eleven bits. 

d. RS-232C requires eight-bit ASCII. 
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. RS-232 is a specification for: 


a. High-quality data communication cable. 
b. Parallel ASCII data transmission. 

с. Serial Binary data transmission. 

d. IEEE Interface (GPIB). 


Line Drivers and Current Loop Interfaces are useful for: 

a. Systems that do not have serial interfaces. 

b. Systems with transmission distances from 50 to 500 feet. 

с. Systems with transmission distances greater than one mile. 
d. Systems that do not fully meet RS-232C standards. 


A line driver is a simple: 
a. Voltage amplifier. 

b. Hex buffer. 

c. Modem. 

d. IEEE Interface. 


Current Loop Interfaces: 

a. Must be used with high quality cable. 

b. May be used with inexpensive cable. 

c. Require a second data line to complete the loop. 

d. Pump current in one direction for a "one" and in the other direction for a "zero". 


Modems are used: 

a. When communication distances require the use of phone lines. 
b. In batch processing systems. 

c. When more gain is needed than is available from a line driver. 
d. When local echo is required. 


The function of a modem: 

a. Is to change logic levels into corresponding audio tones. 
b. Is to change audio tones into corresponding logic levels. 
c. Both a. and b. 

d. Neither a, nor b. 


A Data Access Arrangement (DAA): 

a. Is a contract with the phone company for use of data lines. 
b. Is a device for connecting a modem to a terminal. 

C. Is a device for connecting a terminal to phone lines. 

d. Is a device for connecting a modem to phone lines. 


An Acoustic Coupler: 

a. Is a special kind of modem. 

b. Requires an RS-232C interface. 

c. Permits the use of low-grade data lines. 

d. Digitizes analog data recorded as an audio signal. 


An acoustic coupler is used in conjunction with a terminal and: 
a. A standard telephone handset. 

b. A data access arrangement (DAA). 

c. An RS-170 interface. 

d. A GPIB interface. 
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19. 


20. 


21. 


22. 
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24. 


25. 


Modems are necessary because: 

Line drivers for phone lines would be Drotilbritvelya expensive. 

Phone lines are not able to handle data expressed as voltage "highs" and "lows." 
The phone company is regulated as a common carrier. 

HS-232C does not deal with communication over phone lines. 


"Conditioned" phone line: 

Allows higher baud rates than a voice grade, dial-up line. 

Must be used at a lower baud rate than a voice grade dial-up line. 
Costs less than conventional (DDD) phone lines. 

Is the same as a "burglar alarm" line. 


"two-wire" phone line: 

Allows true full duplex operation at high baud rates. 

Employs four separate conductors, two "wires, " and two "grounds." 

Uses one wire for data transmission from terminal to computer and the other wire for 
data transmission from computer to terminal. 
d. Provides one complete circuit for data communication. 


осор аососоор oocnmo 


A "four-wire" phone line: 

Permits time-sharing between two terminals and a computer. 
Provides two "two-wire" circuits. 

Is the data communication equivalent of a party line. 

Permits operation at lower baud rates than a two-wire line. 


Qo op 


In full duplex modem operation: 

a. Data is transmitted in one direction while echoes are transmitted simultaneously in the 
other direction. 

b. Data can be transmitted simultaneously in two directions. 

c. The echo from the terminal to the computer is not suppressed. 

d. Data is transmitted alternately, terminal to computer, then computer to terminal. 


Full duplex is achieved by: 

a. Using different modulation frequencies for the computer modem and the terminal 
modem. 

b. Turning the line around after each device is finished with a byte. 

c. Using the echo for data transmission in one direction. 

d. Both a. and c. 


Typical full duplex modems are: 

a. Limited to approximately 300 baud. 
b. Limited to under 1200 baud. 

c. Limited to approximately 9600 baud. 
d. Too fast for some terminals. 


In half duplex modem operation: 

a. The computer communicates directly with the terminal, but the terminal only echoes 
itself. 

A modem is needed only on the computer end of the line. 

Baud rates are half or less than they are in full duplex. 

d. Data can be sent in only one direction at a time. 


о O 
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Half duplex is used: 

Where full duplex would be too expensive for the application. 
b. Where baud rates of 1200 or higher are desired. 

c. Where the cost of a second modem would be prohibitive. 

d. Where computer echo of data transmitted is a requirement. 


£o 


In systems with full computer echo: 

a. Data sent by the terminal is echoed back from the computer as an error check. 
b. Each character is sent twice by the computer. 

c. Full duplex is impossible. 

d. Half duplex modems are required. 


With local echo: 

a. The computer modem and the terminal modem see only the signals they themselves 
send. 

b. The echo from the modem is not sent on to the terminal. 

Half duplex is impossible. 

Transmitted data is echoed directly to the terminal display. 


о о 


Local echo is required for: 

a. Half duplex. 

b. Full duplex. 

c. Either half or full duplex. 

d. Neither half nor full duplex. 


The half/full duplex switch on most acoustic couplers means: 
а. Just what it says. 

b. Local/computer echo. 

с. 300/1200 baud. 

d. Two-wire/four-wire. 


HS-232C specifies: 

a. Voltage levels and connector pin assignments. 
b. ASCII code. 

c. Both the above. 

d. Neither of the above. 


When you hit the break key on a terminal, you: 

a. Transmit the ASCII "break" character. 

b. Disconnect the terminal from its modem. 

c. Reset the host operating system. 

d. Create a unique line condition, the results of which are system dependent. 
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QUIZ ANSWER SHEET 
BASIC DATA COMMUNICATION 

| PART Il 

TRANSMITTING DATA 


1.a 12. b 23.a 
2.a 13. а 24. b 
3.a 14. c 25. d 
4. а 15. а 26. b 
5.b 16.a 27.а 
6. b 17.a 28. d 
7.b 18. b 29.a 
8. b 19. a 30. b 
9. с 20. d 31.a 
10. b 21. b 32. d 
11.a 22. b 


When you have completed the Quiz for part |! proceed to part Ill ofthe booklet and tape number 
3 of the Data Communications Series. 
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PART III—RS-232C STANDARD AND INTERFACE aM 
IMPLEMENTAIONS 


A. RS-232C 


1. HISTORY AND INTRODUCTION | 


A key factor in the operation of any computer/terminal system is the data communications link 
that connects them. Many of the major system characteristics are directly related to the data 
communications system capabilites. 


In the earlier days of the Computer Industry, it became obvious that the industry was headed 
for a "Tower of Babel" if some means of standardizing component parts, electrical 
connections, terminology and methods of connection among different manufacturers of 
equipment was not established. To attack the problem, many of the major manufacturers of | 
equipment and components formed the Electronic Industries Association or EIA. One of its 
primary functions was to establish standards which would allow the industry to carry on : 
business with a minimum of confusion and duplication. 


2. RS-232C CONCEPTS 


The standard that we are most concerned with is officially known as The Electronic Industries 
Association Standard RS-232C, Interface Between Data Terminal Equipment and Data 
Communications Equipment Employing Serial Binary Data Interchange, or RS-232C for short. 
CCITT (International Telegraph and Telephone Consultative Committee) Standard V24 
parallels EIA RS-232C and serves as a compatible international standard. RS-232C, the current 
standard, was preceded by earlier versions known as RS-232A and RS-232B. Although 
occasional references, and some equipment, may be found citing the earlier standards, they 
are for all practical purposes obsolete. An understanding of RS-232C is critical to 
understanding the most popular data communications systems. | 


In concept, equipment designed to comply with RS-232C will be compatible with all other RS- 
232C compatible devices. There are three requirements an electrical device must meet if it is to 
be connected to another and operate as intended. 


1. Electrical: The signal levels, voltage levels and other electrical design considerations must 
be compatible. 


2. Mechanical: The cables must be capable of physically plugging together, connector types 
must mate together, with identical pin wiring and number of connections. 


3. Logical: The control or information required or supplied by each device must be 
understood by the other device. They must utilize the same code or format or else they 
cannot perform their intended functions as part of a system. 





It is important to note that RS-232C assures electrical and mechanical compatibility but does 
not insure that the device will perform as intended when connected. RS-232C defines signal 
levels, loading and other electrical considerations as well as the type of connector, signal 
names, and functions. 
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RS-232C also utilizes a form of negative logic which is unique to the data communications 
lines. The term Mark is used to represent a binary 1 or an off condition, while the term Space 
represents a binary 0 or an on condition. Keep in mind that the terms Mark and Space are only 
meaningful with regard to the data communications line itself. 


EIA STANDARD RS-232C 


1—PROTECTIVE GROUND (AA) 

2—TRANSMIT DATA (BA) 

3—RECEIVED DATA (BB) 

4—REQUEST TO SEND (CA) 

5—CLEAR TO SEND (CB) 

6—DATA SET READY (CC) 

7 —SIGNAL GROUND (AB) 

8—RECEIVED LINE SIGNAL DETECTOR (CF) 
20— DATA TERMINAL READY (СО) 
12—SECONDARY REC'D LINE SIGNAL DETECTOR (SCF) 
15—TRANSMISSION SIGNAL ELEMENT TIMING (DB) 
17—RECEIVER SIGNAL ELEMENT TIMING (DD) 
19—SECONDARY REQUEST TO SEND (SCA) 
11—SECONDARY REQUEST TO SEND FOR USE WITH BELL 202C 

(RS-232A) DATA SETS. WIRE ON 19 MUST BE MOVED TO 11. 


№ 





DATA TERMINAL PLUG IS MALE & DATA SET PLUG IS FEMALE 


oince the standard is designed to meet the needs of a wide range of equipment, you will find 
that most applications do not require all of the available functions. The RS-232C specification 
names and defines the function of each of the 25 pins in the interconnect. Remember that all 
pins do not have to be used in any installation, but if they are, they must follow the 
specification. This allows RS-232C to be used with a broad spectrum of devices of varying 
complexity. 


3. BASIC OPERATION 


Refer to the RS-232C diagram at the rear of the manual. The RS-232C pin connections may be 
categorized into two groups; those that originate at the terminal and those that origninate at 
the modem. They can then be further separated into data circuits and control functions. 


TERMINAL LINES: 


Transmitted Data Line: Data output from the terminal. 
Received Data Line: Data input from the modem (computer). 


Request to Send: Control line allowing the terminal to tell the modem that it wants to send data. 
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Data Terminal Ready: Control line allowing the terminal to tell the modem that it is powered up | 
and ready to operate. In some installations, DTR amounts to enable/disable switch for the | | 
modem. DTR must be asserted for modem operation. | | 


MODEM LINES: 


Remember that the terminology used by RS-232C refers to the terminal side of the interface. 
This can lead to confusion on the modem side if you are not careful. 


Transmitted Data Line: Data input from the terminal. 
Received Data Line: Data output from the modem. 


Clear to Send Line: Control line allowing the modem to respond to the terminal's request to 
send and indicate that the terminal may transmit data on the Transmit Data Line. | 


Received Line Signal Detector: (commonly called Data Carrier Detect) Control line allowing | 
the modem to tell the terminal that the carrier signal from the computer modem is being 
received. 


B. OPERATING MODES 


1. BASIC RS-232C INTERFACE 


The simplest possible RS-232C interface would consist of only the Transmitted Data, Received | 
Data, and Signal Ground Lines. It could be used with some modems and would be satisfactory | 
in most applications where computer and terminal are hard-wired together. 


The addition of the Request to Send, Clear to Send, Received Line Signal Detector and Data 
Terminal Ready Lines completes a basic RS-232C interface that represents the most common 
interface configuration. It provides modem control and either half orfull duplex asynchronous 
operation. 


2. RS-232C WITH SUPERVISOR/REVERSE CHANNEL 


RS-232C also provides for a more sophisticated interface which includes a secondary or | 
reverse channel which duplicates all the functions of the primary channel. This allows eithera | 
separate and independently controlled communications path or just interrupt capability | 
depending on how it is implemented. The application of the second channel will be discussed 
later under Half Duplex Supervisor operation. 





3. SYNCHRONOUS OPERATION 


Any of the above RS-232C configurations can also be used for Synchronous operation with the 
addition of the Received Signal Element Timing Line/Transmit Signal Element Timing Line. 
The RSET/TSET lines provide the clock signals from the modem which are necessary for 
synchronous operation. 
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4. HALF DUPLEX BLANKING 


Another type of half duplex operation involves blanking the terminal during the line turn 
around period. The so-called half duplex blanking mode allows the terminal to ignore spurious 
and erroneous signals that may be generated by some older modems in the process of turning 
the line around. The spurious signals cause random, meaningless characters to appear on the 
terminal screen. 


In operation, the computer prefixes every transmission with an unblanking character (Control 
Characters such as SOH or STX) and ends each transmission with a blanking character 
(Control Characters such as EOT or ETX). This effectively limits the terminal to display or data 
received during the time period that is unblanked. Any data received while the terminal is 
blanked will not be displayed. 


Half duplex blanking often requires hardware and software modifications to the com- 
munications controller and is, therefore, somewhat more difficult to implement. It is rarely 
used today since most current modem designs prevent the spurious line turn around signals 
from reaching the terminal, making blanking unnecessary. 


5. RS-232C DIRECT TO COMPUTER MODE 


In some applications it is desirable to connect a minicomputer to a remote computer or 
terminal via a modem. For this reason minicomputer manufacturers can provide an interface 
configured to look like the data terminal side of an RS-232C interface. This interface also offers 
a way to interface our terminals direct to a local computer when no other interfaces are 
available. It does require minor changes to the interface hardware. A close examination of the 
RS-232C diagram reveals why. Since both interfaces represent the RS-232C data terminal 
configuration the corresponding pins will have identical functions. This means thatthe outputs 
are connected together and the inputs are likewise connected together. The question of 
whether an RS-232C function is an input or output depends on which side of the interface you 
look at. Data terminal outputs go to data set/modem inputs. If two data terminal configured 
interfaces are connected together, it's like trying to use a telephone with the hand set 
backwards, mouth to earphone and ear to microphone. Since data terminal plugs are usually 
male and data set plugs are female you often have the additional problem of mechanically 
connecting the two cables. The solution can be about as simple as turning the phone around. 
Most interfaces provide some relatively simple method to reverse all the RS-232C lines, while 
others require rewiring the connector. In some cases it is as simple as removing a plug and 
reinstalling it upside down. Adaptor devices called mini modems or null modems are also 
available to make the proper connections and adapt the connector sex without making 
changes in either interface. This is often referred to as the RS-232C Direct to CPU 
configuration. 


6. RS-232C PARALLEL 


Occasionally you may come across a specification for an RS-232C Parallel Interface. This 
tends to be a mind blower since RS-232C, by definition, applies to serial data transmission 
only. In reality, itis an attempt to define only the electrical signal levels, used in the interface. It 
refers to the voltage levels only, not pin connections, etc. /t is not an RS-232C interface. 
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7. RS-232C IMPLEMENTATIONS | 


RS-232C must be considered not as a standard, but rather a set of several standards. Each 
implementation under the standard, in effect, becomes a subset of the standard. You cannot 
assume compatiblity of equipment based on RS-232C compatiblity alone, but it does not 
provide a very important piece of it. You should also keep in mind that RS-232C does not cover 
the code and data format of the information to be transmitted. This is a separate requirement | 
that must also be met to ensure equipment compatiblity. 


C. TEKTRONIX 4010 SERIES GRAPHIC TERMINAL-STANDARD DATA 
COMMUNICATIONS INTERFACE IMPLEMENTATION 


If we examine the Tektronix 4010 Series Standard Data Communications Interface and 
compare it with the 4010 Series Optional Data Communications Interface, we find excellent 
examples of different RS-232C implemenations. 


1. FULL DUPLEX OPERATION 


The standard interface operates full duplex only and does not include the logic required to 
control the modem in half duplex operation. It is an example of a basic RS-232C 
implementation, since it uses only Transmitted Data, Received Data, Signal Ground, Safety 
Ground, Data Terminal Ready, and Request to Send. Data Terminal Ready and Request to 
send are required to enable some modems and are asserted anytime the terminal power is 
applied. 


4010 FAMILY STANDARD | 


TO RS-232C MODEM CONNECTOR | 


TRANSMIT DATA 


PARALLEL 
TO SERIAL 
CONVERTER | SIG GRND 


Бави ва а 
аши а 
SERIAL TO 


PARALLEL 
CONVERTER RECEIVE DATA 


(ocu 
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D. TEKTRONIX 4010 SERIES GRAPHIC TERMINAL-OPTIONAL DATA 
COMMUNICATIONS INTERFACE IMPLEMENTATION 


1. FULL DUPLEX OPERATION 


The optional data communications interface provides either half or full duplex operation. In the 
full duplex mode of operation, it operates like the standard interface, but when switched to the 
half duplex mode, it represents a more complex RS-232C implementation. 


2. HALF DUPLEX OPERATION 


As you recall from earlier discussions, half duplex operation allowed us to make maximum use 
of the available phone line by transmitting data at a higher rate—but in only one direction ata 
time. In half duplex normal operation, the line is available to either computer or terminal as long 
as the other is not transmitting. If the computer is not transmitting, the first keystroke by the 
operator is interpreted by the interface as a command to switch the line to the transmit state 
(direction of transmission from terminal to computer). This condition is maintained until the 
operator enters the turn around character (usually a CR) allowing the line to return to the idle 
state. Although half duplex normal allows 1200 baud or faster operation, it has a serious 
disadvantage in that once the computer begins transmission, the terminal cannot interrupt. 
The terminal is for all practical purposes locked in the receive mode until the computer 
releases the line. 


TEKTRONIX 4010 FAMILY "OPTION 1" INTERFACE 


TO RS-232C MODEM CONNECTOR 


TRANSMIT DATA 


Е 
Е SERIAL 
CONVERTER 







SIGNAL GRND 


I/F AUX. PANEL 


MODE BAUD 


VNC 

A == 
үү Е 
ы ul 
eee 
= 

aa < 
Е 





SERIAL Е 
PARALLEL 
Е 


е 
LED 1 


RECEIVE DATA 
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3. HALF DUPLEX SUPERVISOR/5 BAUD REVERSE CHANNEL OPERATION 


Some half duplex modems provide a supervisor or reverse channel which uses additional RS- 
232C lines. The reverse channel utilizes a small portion of the communications channel to | 
provide the interrupt capability (break) which was not available in half duplex normal. | | 
Although the secondary channel includes a duplicate set of the five major RS-232C functions, | 
only Secondary Request to Send is used to control the secondary channel carrier. If we | 
examine the operation while the computer is transmitting, we find received data is arriving over | 
the received data line and the presence of the Received Line Signal Detect signal, indicating 
that the computer has the line, prevents the terminal from transmitting on the primary channel. 
Secondary Request to Send is asserted maintaining the secondary channel carrier on. If the 
operator presses the break key, Secondary Requestto Send drops momentarily, turning off the 
secondary channel carrier. The momentary loss of secondary carrier signal signals the 
computer to stop output and enable line turnaround for the terminal to transmit. Half duplex 
modems with reverse channel can be used in a half duplex normal system to combine the 
speed advantage of half duplex operation with full duplex like interrupt capability or be | 
implemented as a half duplex supervisor system. The supervisor system provides for computer | 
control of the line and will maintain the line direction for terminal transmission unless the | | 
computer is actually transmitting. | 


E. TYPICAL DATA COMMUNICATIONS SYSTEMS 


Since Bell System Modems represent the major portion of the modem market it is almost a 
necessity for all other manufacturers to manufacture units compatible with existing Bell 
models. The specifications for the various Bell models in fact become almost standards which | 
the remainder of the industry builds to. The non-Bell manufacturers must depend on lower | 
prices or special features to allow them to compete in the marketplace. Although they can | 
sometimes offer lower error rates or high reliability, the basic design must remain compatible 
with the equivalent Bell model. This allows them to sell single modems to users operating in a 
system of predominately Bell modems. 


There are four basic types of communications systems used with our terminals which are 
characterized by the Bell System Modem or equivalent modems thatare utilized. Keep in mind 
that the terminal user must either buy a modem that is compatible with whatever unit is | 
presently installed on his computer system or install a new modem on the computer. Modems | 
for use on the terminal end are called originate modems while answer modems are used on the | 
computer end. | 


1. LOW COST 300 BAUD FULL DUPLEX SYSTEM | 
| 


Bell-type 101, 103, 113 or the new Data Phone 300 represent the standard type. Omnitec, 
Livermore, Anderson-Jacobson and the Tektronix 4931 (or 4010 Option 37 integral-type) 
represent comparable non-Bell units. They provide full duplex operation, up to 300 baud over 
conventional two wire dial up (DDD) lines. Thestandard interface which comes with Tektronix 
terminals is often used with these systems. 
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2. MODERATE COST 1200 BAUD HALF DUPLEX SYSTEM 


Bell-type 202C or the newer 202S represent the standard type. The Tektronix 4931 Option 1 (or 
4010 Option 38 integral-type) is compatible. The Tektronix 4931 Option 2 (or 4010 Option 39 
integral-type) can also be used, but the 5 baud reverse channel (break-interrupt) will not 
operate. They provide half duplex operation only and operate up to 1200 baud over 
conventional two wire dial up (DDD) lines. The resulting system is called half duplex normal 
operation and requires the optional interface on Tektronix terminals. Although it provides 
higher speed operation it has a serious disadvantage in that it does not allow the operator to 
interrupt the computer. 


3. MODERATE COST 1200 BAUD HALF DUPLEX WITH REVERSE CHANNEL SYSTEM 


Bell-type 202C or the newer 202S with reverse channel options represent the standard type. 
The Tektronix 4931 Option 2 (or 4010 Option 39 integral-type) is compatible. Note that the 4931 
Option 1 (without reverse channel) cannot be used in this system. They provide 1200 baud half 
duplex with reverse channel. The reverse channel eliminates the major drawback to half duplex 


operation by providing an almost full duplex-like interrupt capability. Since the additional cost 
of reverse channel modems is small it is becoming the popular choice for new installations. 
Many timeshare systems are also beginning to offer half duplex supervisor support. The 4010 
Series optional interface is required. 


4. "STATE-OF-THE-ART MODEMS" 1200 BAUD FULL DUPLEX SYSTEM 


The Vadic 3400 and the Universal Data Systems 12-12 are state-of-the-art modems that provide 
traditional full duplex operation but operate at 1200 baud. In concept they operate exactly like 
their low speed counterparts except they are more efficient. They use sophisticated 
modulation techniques which allow them to operate at 1200 baud while using only half of the 
available single phone circuit capability. They are the exception to the Bell compatibility rule 
since Bell had no comparable model until December 1976. The Vadic and UDS 12-12 are 
likewise not compatible with each other and the customer must equip his computer with the 
appropriate model. The 4010 Series standard interface may be used. 


The Bell Type Data Phone 300/1200 (212A) was announced in December 1976 to compete with 
Vadic and UDS. It provides 1200 baud full duplex operation when paired with another 212 
Dataset or 300 baud full duplex when paired with Bell 100 series Datasets. The 4010 Series 
standard interface may be used. 


5. MODERATE TO HIGH COST 4800 BAUD SYNCHRONOUS SYSTEM 


Bell-type 208 or the older 203 (1800 baud) Datasets can be used with the 4010 Series optional 
interface to provide 4800 baud full duplex operation over leased or private four-wire lines. 
Compatibility is limited and computer modifications are required. Refer to Page 38. 


LOW COST 9600 BAUD LIMITED DISTANCE SYSTEM 


Astrocom, Gandolf, Milco, Penril and others provide limited distance or short haul 
synchronous/asynchronous modems that can be used to provide low cost high speed 
communications (9600 baud) over non-phone company lines. Compatibility may be limited 
and computer modifications are often required. Refer to Page 38. 
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F. SYNCHRONOUS MODEMS 


1. CONCEPTS 


Another cost-effective approach to providing even higher data communication rates (1800- 
9600 baud) involves using synchronous modems such as the Bell Type 208 or so-called limited 
distance or short haul modems manufactured by Gandolf, Astrocom, Milco, Penril and others. 
Although compatibility is limited with Tektronix interfaces, they can be effectively used under 
certain conditions. Since the use of synchronous modems results in an apparent combination 
of dissimilar technologies, considerable confusion usually results from any discussion. 


The major confusion develops around the use of the term synchronous. Synchronous is 
generally assumed to refer only to systems using synchronous communications and a unique 
line and data protocol. Examples are CDC 200UT Protocol (Tektronix 4010 series Option 20 is 
compatible) IBM BISYNC. Univac synchronous protocol and IBM's new SDLC. Each of these 
systems is similar in concept in that they transfer data in groups of characters (lines, blocks, or 
partial pages) as contrasted to transmitting a character at a time. They also utilize a 
synchronous technique, rather than start and stop bits, to synchronize the transmitted data. 
Generally speaking, they utilize buffered, intelligent interfaces which check data for 
transmission errors and retransmit it, if necessary, until the other interface acknowledges 
receipt of error-free data. Although similar in concept, they are not compatible with each other. 
The 4010 Series Option 20 works only with systems using 200UT protocol. IBM BISYNC 
interfaces work only with other BISYNC interfaces, etc. 


A synchronous modem is designed to be used with synchronous communication systems, but 
they can also. be used with some asynchronous devices. The major difference, when compared 
with an asynchronous modem, is that it provides a timing or clock signal in addition to the data. 


In a general sense, the modem clock can be considered a characteristic of synchronous 
communications devices, while lack of it is considered a characteristic of asynchronous 
devices. 


The characters transmitted in an asynchronous system may be asynchronous with respect to 
each other, but the bits within each character are synchronized by the interface clocks starting 
with the start bit and ending with the stop bits. Perhaps a more descriptive term for 
asynchronous would be synchronous by character. The modem clock signal in a synchronous 
system allows synchronization over a longer period of time and therefore allows transmission 
of groups or blocks of characters. Synchronous transmission then can be considered 
synchronous by a group or block. 


Now that we have thoroughly butchered the traditional definitions of synchronous and 
asynchronous let's go a step further and ponder the question, can data be asynchronous and 
synchronous atthe same time? Does having startand stop bits preclude synchronizing a group 
or block of characters with a modem clock? No it doesn't. If start and stop bits are present, we 
meet the basic requirement of asynchronous devices, which include their own independent 
clocks. If these groups of bits are also synchronized as a group with a modem clock, we meet 
the basic requirement of synchronous devices. 
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2. INTERFACE COMPATIBILITY 


If we examine the characteristics of all Tektronix interfaces, we find that only the 4010 Series 
Option 1 Data Communications interface has the capability to accept a modem clock. We also 
find that, even with the clock, the Option 1 still requires start and stop bits. In a technical sense, 
the modem clock provides the bit timing information while the start and stop bits indicate 
where to start and stop counting orthe beginning and end of each character. When the modem 
clock is provided, the terminal will transmit characters with start and stop bits, which are bit 
synchronized with the modem clock. 


The 4010 Series Option 1 interface will, therefore, operate as a synchronous device with a 
synchronous modem. 


3. COMPUTER SYSTEM MODIFICATIONS 


Let's examine the computer end. The controller of a large timeshare computer isn't usually 
equipped to output high speed data with start and stop bits. Usually the maximum data rate 
available (with start and stop bits) would be somewhere between 1200 to 2400 baud depending 
on the system. However, many controller manufacturers, such as IBM (3704/5), Memorex 
(1270) and Comten, offer requested price quotes or RPQ's (modified products) which provide 
data with start and stop bits up to 9600 baud. The RPQ's for "hi speed asynchronous ASCII 
data" in essence provide the required "hybrid" data. The fine print in the RPQ says "must be 
used with externally clocked synchronous modems." This is a critical factor, since the RPQ 
does not provide the internal clock required by the controller. The modem clock from the 
synchronous modem is required by the controller to synchronize the data transmitted by the 
terminal. Our complete system, therefore includes the controller RPQ to output high speed 
data complete with start and stop bits. The terminal receives the start and stop bits that it 
requires. The Option 1 interface and the controller utilize the clock provided by the modem to 
form a synchronous data transmission link which meets the controller's requirements. This 
results in a system capable of operating at 1800 to 4800 baud over phone lines and up to 9600 
baud over private (non-phone company) lines. 


4. MODEM COMPATIBILITY 


The final remaining question is that of compatibility of the Option 1 interface with the various 
synchronous modems. A key specification of the Bell 208 modem states that it operates "half 
duplex on two-wire systems" and "full duplex on four-wire systems." You probably recall from 
previous discussions that conventional dial up phone lines are two-wire systems and represent 
only one electrical circuit. Leased or priviate lines are available as four-wire systems and 
include two separate electrical circuits (in effect two independent circuits, one for transmitting 
and one for receiving, each with full phone line capability). The four-wire system therefore 
represents a true full duplex system. This is important because early Option 1 interfaces are not 
compatible with Bell 208 Datasets operating half duplex, but will operate normally with full 
duplex systems. In most cases, a customer operating in the 2400 to 4800 baud range will 
already have, or at least be seriously considering, leased lines. Note that the latest version of 
the Option 1 interface is compatible with the 208's half duplex operation. 
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5. LIMITED DISTANCE OR SHORT HAUL MODEMS 


Limited distance modems, or short haul modems, are intended for use at distances under 
several miles and are restricted to Non-telephone company lines. They are 9600 baud full 
duplex in operation and usually require four-wire systems. They also require the controller 
RPQ for high speed asynchronous data. 


This is the end of Part III. If you want to test yourself, just refer to the Part Ill Self Test on Page 
40. 
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QUIZ 
BASIC DATA COMMUNICATIONS 
PART III 
RS-232C 


. The simplest possible RS-232C interface would consist of: 


a. Only 20 lines. 

b. All lines except the secondary set. 

c. Clear to Send and Request to Send. 

d. Transmit Data, Received Data and grounds. 


. RS-232C data lines are named with: 


The computer end as a reference point. 
The terminal side as a reference point. 
Without regard to actual data flow. 
None of the above. 


со ср 


. A system in which the terminal maintained the Request to Send line on at all times would 


be: 

a. Full Duplex. 

b. Defective. 

c. Unable to interrupt the computer. 
d. Half Duplex. 


. The terminal asserts the Clear to Send line: 


a. To enable data transmission from the modem (CPU). 

b. To tell the modem that it wants to transmit data. 

с. The terminal doesn't ever assert Clear to Send, the modem does. 
d. None of the above. 


. The Received Line Signal Detector (Data Carrier Detect): 


a. Indicates that the modem is receiving carrier signal from the computer modem. 
b. Indicates a communication error. 

c. Indicates that the computer is transmitting when in Half Duplex Normal mode. 
d. Both a. and c. are correct. 


. The "Break" key: 


a. ls used to interrupt the computer in Half Duplex Normal operation. 
b. Has no effect in Full Duplex systems. 

c. ls used to interrupt the computer in Half Duplex Supervisor systems. 
d. Both b. and c. are correct. 


. The secondary channel provided by RS-232C: 


a. Provides interrupt capability for Half Duplex Supervisor systems. 
b. Provides a secondary reverse channel communications path. 

c. Provides the clock signal for synchronous modems. 

d. Both a. and b. are correct. 
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The "Five Baud” reverse channel is used: 


a. 
b. 
C. 
d. 


In all Half Duplex systems. 
In all Full Duplex systems. 
In Half Duplex Supervisor systems. 
Both a. and b. are correct. 


Which of the following are not characteristics of Full Duplex systems? 


a. 
b. 
C. 
d. 


Low cost. 

Break/interrupt capability. 

High data rates. 

Relatively simple interface requirements. 


Which of the following are not characteristics of Half Duplex Normal systems? 


a. 
b. 
C. 
d. 


Higher cost. 

Break/interrupt capability. 

Higher data rates. 

Relatively more complex interface requirements. 


Which of the following are not characteristics of a Half Duplex with supervisor/reverse 
channel systems? 


a 
b. 
C. 
d. 


. Higher cost. 


Higher data rates. 
Break/interrupt capability. 
Relatively simple interface requirements. 


RS-232C direct to CPU mode may require: 


a. 
b. 
C. 
d. 


Reversing several of the RS-232C pin connections. 
Changing the connector sex. 

Conditioned phone lines. 

Both a. and b. may be required. 


RS-232C direct to CPU mode would be used: 


a 


b. 
C. 
d. 


To connect Half Duplex modems. 

To connect a terminal and computer located in the same room. 
To adapt Full Duplex modems to four-wire phone lines. 

Both a. and c. 


Half Duplex Normal systems: 


a. 
b. 


C. 
d. 


Leave the line idle if neither computer nor terminal are transmitting. 

Automatically switch the line for terminal transmission at any time the computer is not 
transmitting. 

Switch the line by sensing the Secondary Received Line Signal Detector signal. 
Either a. or b. can be correct, depending on the particular system. 


The presence of the secondary channel carrier indicates that: 


a. 
b. 
C. 
d. 


The terminal is interrupting. 

It is a Half Duplex Supervisor system. 
It is a Half Duplex Normal system. 

It is a Full Duplex system. 
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16. 


17. 


18. 


19. 


20. 


The RS-232C lines Transmission Signal Element Timing and Receiver Signal Element 
Timing would be used only: 


a. 
b. 
C. 
d. 


In Half Duplex Supervisor systems. 

With systems using synchronous modems. 
In systems with interrupt capability. 

Both a. and c. are correct. 


Synchronous modems: 


a. 
b. 
C. 
d. 


Provide a clock signal to the terminal. 

Cannot be used in RS-232C systems. 

Provide break/interrupt capability without the added expense of Full Duplex operation. 
Are prohibited by RS-232C. 


Which of the following signals are required by most modems/terminals prior to the actual 
data transmission? Assume a Full Duplex system. 


a. 


b. 
С. 


д. 


Secondary Received Line Signal Detect, Receiver Signal Element Timing, Data Set 
Ready, Secondary Request to Send. 

Primary carrier on the Received Data Line, Clear to Send and Data Terminal Ready. 
Received Line Signal Detector, Data Set Ready, Request to Send, Data Terminal Ready 
and Clear to Send. 

Secondary Request to Send, Secondary Clear to Send, Secondary Received Line 
Signal Detector, Data Set Ready and Interface Clear. 


RS-232C data communications systems break down into three major types: 


a. Synchronous, Full Duplex with reverse channel and Half Duplex Supervisor. 
b. 

С. 
d. 


Full Duplex, Half Duplex Normal and Half Duplex Supervisor. 
Full Duplex Normal, Half Duplex with echo and Half Duplex no echo. 
None of the above. 


The most common reason for RS-232C installation problems is: 


a. 
b. 


Poor design of modems and terminal interfaces. 

Failure to recognize differences in the various RS-232C implementations and to select 
compatible equipment types. 

Loopholes in the RS-232C specification which allow manufacture of equipment that 
only partly meets the standard. 

None of the above. 
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PART IV—POLLING & MULTIPLE TERMINAL SYSTEM 


A. CONCEPTS 


The traditional interactive computer market has typically been represented by single remote 
terminals at various locations. Since the user terminals were scattered, the only possible 
approach was to provide each terminal with its own modem and communications port. The 
computer system addresses each individual communications port and terminal connected to 
it. 
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TERMINALS 


As terminal usage and numbers of terminals increased, it became desirable to locate multiple 
terminals in the same area. It was also desireable to allow terminals to share the same 
communications line. In some cases, communications costs could be reduced; while in others, 
a single high performance line could provide increased performance to a multiple terminal 
system at no. increase in cost over individual low speed lines. 
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Basic Data Communications 


Such multiple terminal systems are known by various terms. The most popular of which are: 
Polling, Clustering, Nesting, Loop-Thru, Daisy Chaining, and Multiplexing. 


In the broad sense, all share the common characteristic of allowing more than one terminal to 
share the same communications line. Terminals used in multiple systems must have additional 
capabilities not found on traditional terminals designed for single (TTY style) installations. 


1. DEVICE ADDRESSING 


The terminal must be capable of recognizing its data from data intended for other terminals. 
Likewise, the computer must be able to request and identify data from each separate terminal. 
This implies some type of addressing scheme which codes received and transmitted data to | 
identify the source and destination. | 


2. BUFFERING 


Since all terminals in any group could conceivably want to transmit data at exactly the same 
time over the common party line, some buffering is required. Individual terminal messages can 
then be held at the terminal until the computer polls or sequences each terminal's transmission 
on the line. 


3. ERROR CHECKING 


Since the cost of High-Speed Data Transmission Systems is usually justified by heavy use and | 
large volumes of data, some means of error checking and automatic retransmission of data is | 
usually required. Some minimal amount of intelligence is therefore required to perform the 

error check, acknowledge, or not acknowledge and retransmit the data if required. 


The computer system and terminals in a polled system are obviously quite different from a 
typical TTY style system. The requirements for device addressing, buffering, data checking, 
data retransmission, and some "intelligence," are very similar to synchronous protocol 
systems, such as CDC's UT-200 and IBM's BISYNC systems, etc. 


| 
This is not to imply that polling is limited to synchronous systems, but, rather that it is almost | 
inherent in them. Asynchronous systems, on the other hand, require considerable additional | 
hardware to allow polling, while synchronous protocol systems do not. 


TERMINAL CONTROLLER 


An apparent exception is systems employing a Terminal Controller. Such systems have all the 
characteristics of polled systems, but may not require special capability in each individual 
terminal. 





The controller may be a mini-computer or other device designed to perform the controller 
function which is located near the terminals. In other cases the controller hardware may be 
included within one of the terminals eliminating the need for a separate unit. The controller 
addresses each terminal by a separate line and provides all necessary buffering and error 
checking. 
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ALABAMA 


*Huntsville 35801 
Suite 8. 3322 S. Memorial Parkway 
Phone: (205) 881-2912 


ARIZONA 


*Phoenix 85034 

2643 E University Drive 
Suite 113 

Phone: (602) 244-9795 
Tucson Area: Enterprise 383 


CALIFORNIA 


*Сопсога 94520 

2345 Stanwell Circle 

Phone (415) 689-2710 

From Oakland: (415) 254-5353 


“Ігуіпе 92714 
16601 Hale Ave 
Phone: (714) 556-8080-89 
(213) 778-5225. 6 


*Los Angeles 

21300 Erwin Street 
Woodland Hills 91367 
Phone: (213) 999-1711 


*Los Gatos 95030 

985 University Avenue 
Suite 22 

Phone (408) 358-3491 


*San Diego 92111 

7827 Convoy Court 
Suite 401 

Phone: (714) 292-7330 


*Santa Clara 95051 
3200 Coronado Drive 
Phone: (408) 249-5500 


COLORADO 


*Denver 

Suite 4A 

14 Inverness Dr. East 
Englewood 80110 
Phone: (303) 773-1011 
Telex: (Infocom) 45-4455 


CONNECTICUT 


Milford 06460 
20 Commerce Park Road 
Phone: (203) 877-1494. 


ALGERIA 

Measurelec 

Algiers 
ARGENTINA 

Coasin S.A. 

Buenos Aires, Cordoba 
AUSTRALIA 


Tektronix Australia Pty. Limited 
Sydney, Adelaide, Melbourne 


AUSTRIA 
Rohde & Schwarz-Tektronix 
Ges.m.b.H. 
Wien 
BELGIUM 
TEKTRONIX nv/sa 
Bruxelles 
BRAZIL 
Importacao, 
Industria e Comercio 
Ambriex S.A. 
Rio de Janeiro, Sao Paulo 
CANADA 
Tektronix Canada Ltd. 


Montreal, Calgary, Edmonton, Toronto, 
Ottawa, Vancouver, Halifax 


CHILE 
Equipos Industriales S.A.C.l. 
Santiago 
COLOMBIA 
Selectronica Ltda. 
Bogota 
DENMARK 
Tektronix A/S 
Krogshojvej 
EAST AFRICA (Kenya, Tanzania 
and Uganda) 
Engineering & Sales Co., L td. 
Nairobi 
ECUADOR 
Proteco Coasin Cia Ltda. 
Quito 
EGYPT 
Giza Systems Engineering 


Company 
Cairo 


FLORIDA 

*Fort Lauderdale 3331 1 

1871 West Oakland Park Blvd 

Phone (305) 731-1220 

Also serves Puerto Rico and 
US Virgin Islands 

From Miami: 947-6053 


*Orlando 32803 

Suite 109. 1040 Woodcock Rd. 

Phone: (305) 894-3911 

From The Cape Kennedy Area 
636-0343 


Pensacola 32503 
Suite 130, 4900 Bayou Blvd. 
Phone: (904) 476-1897 


GEORGIA 

*Norcross 30092 

3320 Holcomb Bridge Road 
at Peachtree Industrial Blvd 
Phone: (404) 449-4770 


HAWAII 


*Honolulu 96819 
2979 Ualena Street 
Phone: (808) 845-4531 


tHonolulu Service Center 
EMC Corporation 

2979 Ualena Street 
Phone: (808) 847-1138 


ILLINOIS 

*Chicago 

5350 Keystone Ct. 
Rolling Meadows 60008 
Phone: (312) 259-7580 


INDIANA 
*Indianapolis 46219 
6121 East 30th Street 
Phone: (317) 545-2351 


KANSAS 


*Kansas City 

10580 Barkley 

Suite 62 

Overland Park 66212 
Phone: (913) 341-3344 


Tektronix, Inc. 


P.O. Box 500, Beaverton, Oregon 97077 
Telephone: (503) 644-0161 TWX: 910-467-8708 TEKTRONIX BEAV. Cable: TEKTRONIX 


FIELD ENGINEERING OFFICES 


LOUISIANA 


*New Orleans 

3004 34th St 

Metairie 70001 

Phone: (504) 837-8454 


MARYLAND 


Baltimore 

1526 York Road 
Lutherville 21093 
Phone: (301) 321-7000 


*Rockville 20850 
2 Research Court 
Phone: (301) 948-7151 


MASSACHUSETTS 


*Boston 

482 Bedford Street 
Lexington 02173 
Phone: (617) 861-6800 


MICHIGAN 

*Detroit 

25882 Orchard Lake Rd. 
Farmington Hills 48018 
Phone: (313) 478-5200 


MINNESOTA 


*St. Paul 55112 
3563 N. Lexington Ave 
Phone: (612) 484-8571 


MISSOURI 

*St. Louis 

422 Anglum 
Hazelwood 63042 
Phone: (314) 731-4696 


NEW JERSEY 
*Springfield 07081 

964 South Springfield Avenue 
Phone: (201) 379-1670 


NEW MEXICO 
*Albuquerque 87108 

1258 Ortiz Drive, S.E. 

Phone: (505) 265-5541 

Southern N.M. Area: ENterprise 678 
Southern Nevada Area: ENterprise 678 


NEW YORK 


Albany 

678 Troy Road 

Latham 12110 

Phone. (518) 785-3353 


*Long Island 
100 Crossways Park West 
Woodbury.L.1 11797 
Phone (516) 364-9060 
(212) 895-9215 


Poughkeepsie 12603 
31 Haight Avenue 
Phone. (914) 454-7540 


Rochester 14623 
1210 Jefferson Rd 
Phone (716) 244-2600 


*Syracuse 

1 Northern Concourse 

North Syracuse 13212 

Phone: (315) 455-6661 

From New York: (800) 962-1095 


NORTH CAROLINA 


*Raleigh 27612 

Suite 104 

3725 National Dr 
Phone: (919) 782-5624 


OHIO 


*Cleveland 44129 
5689 Pearl Road 
Phone: (216) 884-6558 


*Dayton 45449 
501 Progress Rd. 
Phone: (513) 859-3681 


OKLAHOMA 


Oklahoma City 73105 
Suite 201 

800 N.E. 63rd 

Phone: (405) 848-3361 


OREGON 


Portland 

7000 S.W Hampton St 
Suite 121 

Tigard, Oregon 97223 

Phone: (503) 620-9100 


INTERNATIONAL FIELD OFFICES, DISTRIBUTORS AND REPRESENTATIVES 


FEDERAL REPUBLIC 
OF GERMANY 
Rohde & Schwarz 
Vertriebs GmbH 
Hamburg, Karlsruhe, Koeln, Muenchen 
FINLAND 
Into O/Y 


Helsinki 


FRANCE 
TEKTRONIX 


Orsay, Lyon, Nancy, Aix-en-Provence, 
Rennes, Toulouse 


GREECE 
Marios Dalleggio 


Representations 
Athens 


HONG KONG 
Gilman & Co. Ltd. 
Electrical/Electronic Dept. 
Causeway Bay 
INDIA 
Hinditron Services Private Ltd. 
Bombay, Bangalore 
INDONESIA 
C.V. Dwi Tunggal Djaja 
Jakarta 
IRAN 
lrantronix Co. Ltd. 
Tehran 
ISRAEL 
Eastronics Ltd. 
Tel Aviv 
ITALY 
Silverstar Spa, Ltd. 
Milano, Roma, Torino 
IVORY COAST 
SITEL 
Abidjan 
JAPAN 
Sony/Tektronix Corporation 
Tokyo, Osaka-shi, Nagoya 
JORDAN 
TAREQ Scientific Bureau 


Amman 


KUWAIT 
TAREQ Company 
Safat 
LEBANON 
Projects S.AL. 
Beirut 
MALAYSIA 
Mecomb Malaysia Sdn. Bhd. 
Petaling Jaya, Selangor 
MEXICO 


Tecnicos Argostal, S.A. 
Mexico, Monterrey, Guadalajara 


MOROCCO 
SCRM 


Casablanca 


NEW ZEALAND 
W. & K. McLean Ltd. 
Auckland, Wellington, Christchurch 
NIGERIA 
Mofat Engineering Co. Ltd. 
Lagos, Ibadan 
NORWAY 
Morgenstierne & Co. A/S 
Oslo 
PAKISTAN 


Pak-Land Corporation 
Karachi 


PANAMA 
Executive Marketing Corporation 
Panama 
PERU 
Importaciones y 
Representaciones 
Electronicas S.A. 
(IRE Ingenieros) 
Lima 
PHILIPPINES 
Philippine Electronic 
Industries, Inc. 
Makati, Rizal 
PORTUGAL 
Equipamentos de 


Laboratorio Lda. 
Lisbon 


REPUBLIC OF SOUTH AFRICA 
Protea Physical & Nuclear 
Instrumentation (Pty.) Ltd. 
Transvaal, Paardeneiland, Durban 
SAUDI ARABIA 
Electronic Equipment Marketing 
Establishment 
Riyadh 
SINGAPORE 
Mechanical & Combustion 
Engineering Co. Pte. Ltd. 
Singapore 
SOUTH KOREA 
M-C International (Korea) Ltd. 
Seoul 
SPAIN 
C.R. Mares, S.A. 
Barcelona, Madrid 
SRI LANKA 
Maurice Roche Limited 
Colombo 
SUDAN 
Cine & Photo Supply 
Company (CPSC) 
Khartoum 
SURINAME 
Wong Sang Tsoi & Co. 
Paramaribo 
SWEDEN 
Tektronix AB 
Solna, Gothenburg 
SWITZERLAND 
Tektronix International A.G. 
Zug 
SYRIA 


General Trading Company 
Damascus 





TFactory Service Center 
Tektronix Industrial Park 
Beaverton 97077 
Phone (503) 644-0161 
TWX: 910-467-8708 


PENNSYLVANIA 


*Philadelphia 

1720 Walton Road 

Blue Bell 19422 

Phone. (215) 825-6400 

From Harrisburg, Lancaster. and 
York Area call ENterprise 1-0631 


*Pittsburgh 

3834 Northern Pike 
Monroeville 15146 
Phone: (412) 373-3250 


TEXAS 


“Dallas 75240 
4455 Sigma Road 
Phone: (214) 233-7791 


*Houston 77036 

5755 Bonhomme 
Suite 420 

Phone: (713) 783-1910 


San Antonio 78226 
3311 Roselawn 
Phone: (512) 434-4334 


UTAH 


*Salt Lake City 84115 
65 West 2950 South 
Phone: (801) 484-8501 


VIRGINIA 


Hampton 23666 
1929 C Coliseum Dr 
Phone: (804) 826-4020 


WASHINGTON 


*Seattle 98188 
641 Industry Drive 
Phone: (206) 575-0180 


*Field Office/Service Center 
TService Center 


TAIWAN 
Heighten Trading Co. Ltd. 
Taipei 

THAILAND 
G. Simon Radio Company Ltd. 
Bangkok 

THE NETHERLANDS 
Tektronix Holland N.V. 
Badhoevedorp 

TUNISIA 
EL ESLEK 
Tunis 

TURKEY 
Erkman Elektronik Aletler 
Istanbul 

UNITED ARAB EMIRATES 
Contact TAREQ Company, KUWAIT 


UNITED KINGDOM 
Tektronix U.K. Limited 
Harpenden, Livingston, Manchester 

URUGUAY 
Coasin Uruguaya S.R.L. 
Montevideo 

VENEZUELA 
Equilab, C.A. 

Caracas 

WEST BERLIN 

Rohde & Schwarz 
Handels-GmbH 


Berlin 


ZAMBIA 


Baird and Tatlock (Zambia) Ltd. 
Lusaka, Ndola 


Customers in the following countries: 


Bulgaria, Czechoslovakia, Hungary, Poland, 
Romania, U.S.S.R. and Yugoslavia 


Contact: Rohde & Schwarz-Tektronix Ges.m.b.H & Co. KG 
Sonnleithnergasse 20, A-1100 Wien, Austria. Phone Vienna 62 61 41, Telex Vienna 13933 


Customers in all other countries should contact: 
Tektronix, Inc., Export Marketing 
P.O. Box 500, Beaverton, Oregon 97077, U.S.A. 
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Tektronix products are designed 
as long term investments. 


Tektronix tra 








to enhance the value of those products. 


COMMITTED TO EXCELLENCE 





